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The objective of the current study was to analyze the reproductive toxicity caused by lambda-cyhalothrin
(LCT) in male rabbits, and to evaluate the possible protective effect of vitamin E (Vit. E) as antioxidant.
Animals were orally administered their respective doses of LCT every other day and given drinking water
supplemented with vitamin E for 16 weeks. Results showed that semen quality was deteriorated follow-
ing treatment with LCT. Also, testosterone levels, body weight (BW), feed intake (FI), and relative testes
(RTW) and epididymis (REW) weights were significantly decreased. Concentrations of thiobarbituric
acid-reactive substances (TBARS) were significantly increased in seminal plasma of rabbits treated with
LCT compared with control. While, activities of glutathione S-transferase (GST), transaminases and acid

Keywords:
Reproductive toxicity
Lambda-cyhalothrin

X;fg;f F phosphatase (AcP) were significantly decreased. Vitamin E alone significantly increased testosterone lev-
Testosterone els, BW, FI, RTW, REW, semen characteristics and seminal plasma enzymes, and decreased the levels of
Free radicals TBARS. Also, the present study showed that vitamin E might be effective against LCT-induced reproduc-
Enzymes tive toxicity. It was suggested that LCT exerted a significant adverse effect on reproductive performance

of male rabbits. Furthermore, vitamin E antagonized the toxic effects of LCT and improved semen quality

of male rabbit.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Several currently used pesticides, especially those having endo-
crine disruptive properties, are known to adversely impair repro-
ductive competence of males under laboratory, field, clinical or
occupational settings (Figa-Talamanca et al., 2001). Some of these
agents are among the most commonly used pesticides/insecticides
in developing countries including Egypt. In many countries lamb-
da-cyhalothrin has been successfully used for control of infectious
disease vectors, such as mosquitoes, triotomine bugs and other
arthropods (Awumbila and Bokuma, 1994). Lambda-cyhalothrin
is a potent, synthetic, type Il pyrethroid. It is a stomach, contact
and a residual insecticide, which acts as a neuropoison interfering
in the ionic conductance of nerve membranes by prolonging the
sodium current (Clark, 1997). In addition, pyrethroids increase

Abbreviations: LCT, lambda-cyhalothrin; Vit. E, vitamin E; BW, body weight; Fl,
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tate transaminase; ALT, alanine transaminase; AcP, acid phosphatase; ROS, reactive
oxygen species.
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the spontaneous release of neurotransmitters such as GABA, dopa-
mine or noradrenaline {Clark, 1997), and may also acts as hormone
disruptor (Garey et al., 1999). Collectively, the facts suggest that
lambda-cyhalothrin {Ratnasooriya et al., 2002) may disrupt male
reproductive function, but this has not been experimentally
documented.

Synthetic pyrethroids (sumithrin, fenvalerate, d-trans allethrin,
permethrin, cypermethrin and fenvalerate) have ability to disrupt
estrogen signaling and caused alterations in reproduction (Yousef
et al,, 2003a). Also, exposure to lambda-cyhalothrin caused sexual
dysfunction in male rats (Ratnasooriya et al., 2002). During pyre-
throid metabolism, reactive oxygen species (ROS) were generated
and caused oxidative stress in intoxicated animals {Kale et al,
1999; Yousef et al., 2003a, 2006). Antioxidants can protect against
the damaging effect of oxygen species on sperm quality (Baker
et al., 1996; Yousef et al,, 2003a,b, 2004, 2005, 2006, 2007; Yousef,
2004; Yousef and Salama, 2009). Overproduction of ROS, however,
can be detrimental to sperm, being associated with male infertility
(Akiyama, 1999).

During the past few years, estimation of free radical generation
and antioxidants defense has become an important aspect of inves-
tigation in mammals. Our recent studies were carried out to eval-
uate the potential role of antioxidant, such as, vitamin C, vitamin E,
p-carotene, isoflavenes, folic acid, propolis, curcumin and grape
seed proanthocyanidin extract (Yousef, 2004; Yousef et al.,
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2003a,b, 2004, 2005, 2006, 2007, 2008, 2009; Yousef and Salama,
2009) for the protection of cells against oxidative damage due to
pesticides, heavy metals and chemotherapeutic agent toxicities.

Numerous antioxidants have proven beneficial in treating male
infertility, such as vitamin C, vitamin E, glutathione, and coenzyme
Q10 (Sinclair, 2000; Yousef et al., 2003a). Antioxidants can protect
against the damaging effect of leukocyte-derived reactive oxygen
species on sperm movement and may be of clinical value in as-
sisted conception procedures (Baker et al., 1996). The production
of reactive oxygen species (ROS) is a normal physiological event
in various organs including the testis. Overproduction of ROS, how-
ever, can be detrimental to sperm, being associated with male
infertility (Akiyama, 1999).

Vitamin E is believed to be the primary components of the
antioxidant system of the spermatozoa (Surai et al., 1998), and is
one of the major membrane protectants against ROS and lipid
peroxidation (Akiyama, 1999). Supplemental vitamin E has been
shown to increase total sperm output and sperm concentration
(Brzezinska-Slebodzinska et al,, 1995) in boars. Also, vitamin E is
a naturally occurring antioxidant nutrient that plays important
roles in animal health by inactivating harmful free radicals pro-
duced through normal cellular activity and from various stressors.
The antioxidant function of vitamin E could, at least in part, en-
hance immunity by maintaining the functional and structural
integrity of important immune cells {Chew, 1995). Because of the
health problems induced by many environmental pollutants, much
effort has been expended in evaluating the relative antioxidant
potency of vitamin E. Therefore, the aim of this study was to assess
(1) the potential impacts of lambda-cyhalothrin on body, testes
and epididymis weights, plasma testosterone concentration and
semen quality of male rabbits; (2) the role of vitamin E in alleviat-
ing the negative effects of lambda-cyhalothrin on reproductive
characteristics.

2. Materials and methods
2.1. Chemicals

Lambda-cyhalothrin (C;3H,gCI-F3NO3) was purchased from Kima Company,
Egypt and vitamin E (Dietvit® E, 53% -tocopherol acetate), was manufactured by
Codislait Sarl, 22120 Yffiniac, Neolait SA, France.

2.2. Animals and experimental design

Male New Zealand White rabbits (age of 7 months and initial weight of
2788 + 32 gm) were used. The local committee approved the design of the experi-
ments, and the protocol conforms to the guidelines of the National Institutes of
Health (NIH). Animals were individually housed in stainless steel cages. Feed and
water were provided ad libitum. Rabbits were fed pellets consisted of 30% berseem
(Trifolium alexandrinum) hay, 25% yellow corn, 26.2% wheat bran, 14% whole soy-
bean meal, 3% molasses, 1% CaCl,, 0.4% NaCl, 0.3% mixture of minerals and vitamins
(0.01 gm/kg diet of vitamin E), and 0.1% methionine. The vitamin and mineral
premix per kg contained the following vitamins: A-4,000,000 1U, D3-5000,000 1U,
E-16,7 g, K-0.67 g, B1-0.67 g, B2-2 g, B6-0.67 g, B12-0.004 g, B5-16.7 g, Pantothine
acid-6.67 g, Biotein-0.07 g, Folic acid-1.67 g, Choline chloride-400 g; and minerals:
Zn-23.3 g, Mn-10 g, Fe-25 g, Cu-1.67 g, 1-0.25 g, Se-0.033 g, and Mg-133.4 g (Rabbit
premix produced by Holland Feed Inter. Co.).The chemical analysis of the pellets
(AOAC, 1990) showed that they contained 17.5% crude protein, 14.0% crude fiber,
2.7% crude fat and 2200 K cal. digestable energy/kg diet.

Twenty-four mature male rabbits were randomly divided into four equal groups
of six rabbits each. Group 1 served as control. However, group 2 was given drinking
water supplemented with vitamin E (2 mg/kg body weight). Group 3 was orally gi-
ven lambda-cyhalothrin (LCT) (20 mg/kg body weight) every other day. Group 4
was given the combination of LCT and vitamin E. The experiment was continued
for 16-week. The proper doses of lambda-cyhalothrin for each animal were placed
into a syringe that was inserted orally with the help of plastic tube directly into the
oropharyngeal region. The doses of the lambda-cyhalothrin and vitamin E were cal-
culated according to the animal’s body weight on the week before dosing. The
tested doses for lambda-cyhalothrin and vitamin E were given every other day
for 16-weeks.

2.3. Semen collection and characteristics

Daily feed intake and body weight were recorded weekly. Semen collection oc-
curred weekly over the 16 weeks of the study, so 96 ejaculates obtained per exper-
imental group. Ejaculates collected using an artificial vagina and a teaser doe. The
volume of each ejaculate was recorded after removal of the gel mass. A weak eosin
solution was used for evaluation of sperm concentration by the improved Neubauer
haemocytometer slide (GmbH+Co., Brandstwiete 4, 2000 Hamburg 11, Germany)
(Smith and Mayer, 1955). Total sperm output calculated by multiplying semen ejac-
ulate volume and semen concentration. Determination of initial fructose concentra-
tion in seminal plasma carried out immediately after collection according to Mann
(1948). Assessment of live and abnormal spermatozoa was performed using an eo-
sin-nigrosine blue staining mixture (Blom, 1950). The percentages of motile sperm
were estimated by visual examination under low-power magnification (10x ) using
a phase-contrast microscope with heated stage. Total number of motile sperm cal-
culated by multiplying percentage of motile sperm and total sperm outputs. Reac-
tion time for the buck is calculated as the time needs for mounting a doe until
complete ejaculation; it measured in seconds using a stopwatch. Initial hydrogen
ion concentration (pH) of semen samples was determined immediately after collec-
tion using a pH cooperative paper (Universalindikator pH 0-14 Merck, Merck KgaA,
64271 Darmstadt, Germany). Packed sperm volume (PSV) was recorded. Total func-
tional sperm fraction (TFSF) parameter was also calculated as (total sperm
output x motility (%) x normal morphology (%)) (Correa and Zavos, 1996).

2.4. Blood collection and testosterone determination

Blood samples were collected from the ear vein of each buck every other week
and placed immediately on ice in heparinized tubes. Plasma was collected from
blood by centrifuged at 860g for 20 min and stored at —60 °C. Testosterone concen-
tration in plasma was measured by simple solid phase enzyme immunoassay utiliz-
ing horseradish peroxidase as a tracer (Equipar, via G. Ferrari, Saronno, Italy). Intra
and interassay coefficient of variations were 3.9% and 6.2%, respectively. All rabbits
were euthanized at the end of the experimental period (16 week). Weight of testis
and epididymis was recorded.

2.5. Seminal plasma collection and Biochemical parameters

Seminal plasma was obtained by centrifugation of semen samples at 860 Xg for
20 min at 4 °C, and was stored at —60 °C until analysis. The activities of aspartate
transaminase (AST; EC 2.6.1.1) and alanine transaminase (ALT; EC 2.6.1.2) activities
were determined with kits from SENTINEL CH. (via principle Eugenio 5-20155 MI-
LAN, Italy). The method of Moss (1984) was used to assay the activity of acid phos-
phatase (AcP; EC 3.1.3.2). p-Nitrophenyl phosphate is hydrolyzed in acid pH
medium by the action of acid phosphatase. Liberated p-nitrophenyl is spectrophto-
metrically quantified. Seminal plasma glutathione S-transferase (GST: EC 2.5.1.18)
activity was determined according to Habig et al. (1974), using para-nitrobenzyl-
chloride as a substrate. Thiobarbituric acid-reactive substances (TBARS) were mea-
sured in seminal plasma at 532nm by using 2-thiobarbituric acid (2.6-
dihydroxypyrimidine-2-thiol; TBA). An extinction coefficient of 156,000 M-1Cm-1
was used for calculation (Tappel and Zalkin, 1959).

2.6. Statistical analysis

Data were analyzed as a randomized design (Steel and Torrie, 1981) using the
General Linear Model procedure of SAS (1986). Dunnett post hoc analysis was used
to compare means of treatment groups against the control. P values < 0.05 were ac-
cepted as significant.

3. Results

The present study showed that body weight {BW), relative
weights of testes and epididymis, feed intake and plasma testoster-
one concentration were significantly (P < 0.05) decreased in rabbits
treated with lambda-cyhalothrin as compared to either control or
vitamin E-treated groups (Table 1). Vitamin E alone caused an in-
crease (P <0.05) in BW, relative weight of testes and epididymis,
feed intake and plasma testosterone concentration as compared
to control animals. In addition, co-treatment with vitamin E allevi-
ated the toxicity of lambda-cyhalothrin with respect to the various
tested parameters (Table 1).

Treatment with lambda-cyhalothrin decreased (P < 0.05) semen
ejaculate volume (EV), packed sperm volume {PSV), sperm con-
centration, total sperm output (TSO), sperm motility (%), total
motile sperm per ejaculate (TMS), total functional sperm fraction
(TFSF), normal sperm, initial fructose and libido (by decreasing
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Table 1

The overall means (+SE) of body weight (BW; g), feed intake (FI; g/kg BW/day), relative testes weight (RTW; g/100 g BW), relative epididymis weight (REW; g/100 g BW) and
testosterone (nmjmi) during treatment of male rabbits with vitamin E (Vit. E), lambda-cyhalothrin (LCT) and/or their combination.

Parameter Groups

Control Vitamin E LT LCT + vitamin E
BW 2962 1 26° 3229 + 292 2211+ 36° 2843 £ 41°
FI 495 +2.04° 562+ 1.87° 35.2 + 1.99¢ 46.8+1.72¢
RTW 0.162 £0.012° 0213 £0.013° 0.107 + 0.009° 0.142 £ 0.010°
REW 0.073 £0.005° 0.102 £ 0.007° 0.041 + 0.004° 0.064 + 0.006°
Testosterone 7.51 £0.44° 1092 £ 0.57° 4.061029° 6.62.8+0.36°

a4 Within row overall mean with different superscript letter differ significantly (P < 0.05).

Table 2

Effect of vitamin E (Vit. E), lambda-cyhalothrin (LCT) and/or their combination on semen characteristics of male rabbits (means * SE).
Parameters Groups

Control Vitamin E LCT LCT + vitamin E

Ejaculate Volume (ml) 0.70 £0.02° 0.86+0.02° 0.55 +0.02° 0.67£0.01°
Reaction Time (s) 64 +0.31° 4.7 +0.284 12.9+0.372 6.7 +0.29°
pH 7.7 +£0.03° 7.2 +£0.03° 8.5+0.03° 7.9+0.02°
Sperm concentration { x10%/ml) 286 +8.9° 322 +74° 210+5.6¢ 256 £9.3°
Total sperm output (x10°) 202 +8.9° 283 +9.0° 117 +6.7¢ 170 +8.3°
Sperm motility (%) 73 +0.75° 80+0.77° 63 £1.05¢ 71 +0.84°
Total motile sperm (<10°%) 147 £6.5P 230+7.82 75 +6.14 121£6.9°
Dead sperm (%) 254038 ° 18+ 046°¢ 36+0.99 2 27 £064 "
Normal sperm (%) 77 £1.34° 88 +2.299 63+1.28° 72 +2.38°
Packed sperm volume (%) 19.7 £0.18° 223+0.18 16.5+0.19¢ 19.1£0.17°
Initial fructose (mg/dl) 213 +62° 253 + 8.4° 173 +4.9¢ 198 +6.0°
Total functional sperm fraction (x10°) 102+62° 161+44 2 48 +49¢ 87 +6.0°

The mean value represents 96 values for each treatment. Within row, means with different superscript letters (a—d) differ significantly (P < 0.05).

Table 3

The overall means (+SE) of seminal plasma thiobarbituric acid-reactive substances
(TBARS), glutathione S-transferase, (GST), aspartate transaminase (AST), alanine
transaminase (ALT) and acid phosphatase (AcP) during treatment of male rabbits with
vitamin E (Vit. E), lambda-cyhalothrin (LCT) andjor their combination.

Parameter  Groups

Control Vitamin E LT LCT + vitamin E
TBARS’ 09120013° 05320019% 1.81+0019%° 1.1320.010°
GST” 1.03+0.041° 158+0061° 056+0.042° 1.01+0.052°
AST (U/L) 362+0.16° 457028  182:03° 35.1+0.19°
ALT (U/L)  192+0.14° 2552025 10.21029° 188x0.13°
AcP (1U) 302+051° 4112078 1571094  289+0.69°

The mean value represents 96 values for each treatment. Within row, means with
different superscript letters (a~d) differ significantly (P < 0.05).

" TBARS is expressed as nmol/ml.

" GST specific activity: moljh.

the reaction time) as compared to control and vitamin E-treated
rabbits groups (Table 2 and Figs. 1-4). In contrast, dead sperm
and initial pH increased with lambda-cyhalothrin exposure com-
pared to controls. On the other hand, vitamin E improved semen
quality. Vitamin E also counteracted or suppressed the adverse ef-
fects of lambda-cyhalothrin on semen characteristics (Table 2 and
Figs. 1-4).

Our results showed also that there was a significant (P < 0.05)
elevation in the concentrations of thiobarbituric acid-reactive sub-
stances (TBARS) in seminal plasma of lambda-cyhalothrin treated
animals compared to control and vitamin E-treated groups {Table
3). However, the activities of glutathione-S-transferase (GST),
aspartate transaminase (AST), alanine transaminase (ALT) and acid
phosphatase (AcP) were significantly decreased (P < 0.05) in semi-
nal plasma of lambda-cyhalothrin group as compared to either
control or vitamin E-treated groups (Table 3). Treatment with vita-

min E alone decreased (P<0.05) the levels of seminal plasma
TBARS and increased the activities of GST, AST, ALT and AcP (Table
3). In addition, vitamin E supplementation to lambda-cyhalothrin-
treated rabbits significantly (P < 0.05) reduced the level of TBARS,
and maintained the enzyme activities to the normal values com-
pared to the control group.

4. Discussion
4.1. Lambda-cyhalothrin treatment

Treatment with lambda-cyhalothrin reduced testosterone lev-
els, feed intake, body weight {BW) and relative testes {(RTW) and
epididymis (REW) weights (Table 1). Also, Ratnasooriya et al.
(2002) reported that lambda-cyhalothrin showed signs of toxicity
(reduction in food intake, diarrohea, suppression in body weight
gain, ataxia, lethargy, sedation, haemotoxicity). Moreover, previous
studies also showed a decrease in these parameters in rabbits trea-
ted with cypermethrin {Yousef et al, 2003a). Yousef et al. {1995)
reported that the reduction of body weight of rabbits treated with
carbofuran and glyphosate may be due to direct cytotoxic effect of
the pesticides on somatic cells, and/or indirectly through the cen-
tral nervous system which control feed and water intake and reg-
ulates the endocrine function. Also, the failure of different species
exposed to environmental toxicant to gain body weight may be
due to the decrease in feed intake, malabsorption of nutrients from
the gastrointestinal tract and impaired feed conversion efficiency
(Ball and Chhabra, 1981). The decline in the BW of treated rabbits
with lambda-cyhalothrin appeared as a result of lesser intake of
feed (Table 1).

Table 1 shows that relative weight of testes and epididymis, and
testosterone levels were reduced by lambda-cyhalothrin treatment
and these results are in agreement with the findings by Elbetieha
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Fig. 1. Changes in ejaculate volume, sperm concentration and total sperm output
(TSO) during treatment of male rabbits with vitamin E (Vit. E), lambda-cyhalothrin
(LCT) or their combination.

et al. (2001) in rats and Yousef et al. (2003a) in rabbits. These
changes could be partly attributed to decreased feed consumption
(Table 1). Elbetieha et al. (2001) found that serum levels of testos-
terone, follicle-stimulating hormone and luteinzing hormone were
significantly reduced in male rats exposed to cypermethrin. Also,
Moore et al. (1985) reported that 2, 3, 7, 8-tetrachlorodibenzo-p-
dioxin (TCDD) caused decreases in plasma testosterone and
dihydraxy testosterone (DHT) and also decreases seminal vesicle,
ventral prostate, caput epididymis, and testes weights, and ad-
versely affects spermatogenesis. These effects could be attributed
to hypophagia or weight loss because nutritional status is known
to affect the male reproductive system, and TCDD may also affect
hormones which regulate the male reproductive system and/or
hormones which are produced by it. Goldman et al. (1990) indi-
cated that chlordimeform (CDF) is able to affect markedly endo-
crine regulatory signals within the male rat reproductive system.
Concentrations of serum gonadotropins (LH and FSH) and testos-
terone were all significantly declined and these declines are consis-
tent with an effect on the transmitter control of hypothalamic
gonadotropin-relasing hormone (GnRH) release. These effects on
testosterone were attributed to the fall in serum LH, since LH
serves as a normal stimulus for the secretion of this steroid from

100

80 —

60 -

Sperm motility
(%)

5\
}
7

ejaculate

™S

6;
/

x10

¢
{
1S

TFSF
(X10°%)

VitLE e

Combination -

Control —e—
LCT e

Fig. 2. Changes in motility, total motil sperm (TMS) and total functional sperm
fraction (TFSF) during treatment of male rabbits with vitamin E (Vit. E), lambda-
cyhalothrin (LCT) or their combination.

the testicular Lydig cells. It is also possible that there is a direct
influence of CDF on testicular tissue, since adrenergic receptors
are present in rat and mouse Leydig cells. In our study, the lamb-
da-cyhalothrin-induced reduction in testosterone secretion can
also be attributed to the reduction in testes weight (Table 1).
Semen quality (Table 2 and Figs. 1-4) deteriorated following
treatment with lambda-cyhalothrin and these results are in agree-
ment with the previous studies (Ratnasooriya et al., 2002; Yousef
et al,, 2003a). Exposure to lambda-cyhalothrin caused sexual dys-
function in male rats (Ratnasooriya et al., 2002). The decline in
ejaculate volume, sperm concentration, total sperm output, and
packed sperm volume (PSV), and increased reaction time can be
partly attributed to the lambda-cyhalothrin-induced reduction in
testosterone levels (Table 1). The effects of pesticides on spermato-
genesis may be mediated through their effects on hormonal bal-
ance. Previous studies showed reduced semen quality in men
occupationally exposed to various pesticides (Padungtod et al,,
1998) and in animals (Yousef et al., 1995). Additionally, Elbetieha
et al. (2001) found that treatment with cypermethrin caused
reduction in the fertility of male rats. Also, the epididymal and tes-
ticular sperm counts as well as daily sperm production were signif-
icantly decreased and the number of implantation sites was
significantly reduced in females mated with males that had in-
gested cypermethrin. The decrease in sperm packed volume of
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Fig. 3. Changes in normal sperm, dead sperm and initial fructose during treatment
of male rabbits with E (Vit. E), lambda-cyhalothrin (LCT) or their combination.

treated rabbits with lambda-cyhalothrin was coincided with the
decrease in sperm concentration and total sperm output {Table 2).

Lambda-cyhalothrin increased pH and RT (Table 2 and Fig. 4)
and these results agree with the finding by Yousef et al. (1995,
2003a). Harraway et al. (2000) stated that the normal pH of semen
ranges from 7.2 to 8.0. Kuo et al. (1997) reported that semen pH
were significant factors that explained the semen count and semen
motility results. Graves (1978) reported that good-quality semen is
usually on the acid side of neutrality than semen with lower sperm
concentration, and semen containing many dead spermatozoa may
evolve ammonia, which will increase the pH value. Accordingly, in
the present investigation, the significant increase in pH value in
lambda-cyhalothrin-treated group may be due to the increase of
dead and abnormal sperm, and decrease sperm concentration {Ta-
ble 2 and Figs. 1-4).

Effect of lambda-cyhalothrin on sperm morphology, viability
and semen initial fructose concentration was observed in this
study (Table 2 and Fig. 3). The present data showed that treatment
with lambda-cyhalothrin caused significant (P < 0.05) increase in
the percentage of dead sperm, while the percentage of abnormal
sperm and semen initial fructose significantly (P < 0.05) decreased.
These results agree with the finding by Yousef et al. (1995, 2003a)
who reported that rabbits treated with pesticides showed signifi-

Fig. 4. Changes in packed sperm volume (PSV), initial hydrogen ion (pH) and
reaction time (RT) during treatment of male rabbits with vitamin E (Vit. E), lambda-
cyhalothrin (LCT) or their combination.

cant increase in dead and abnormal sperm and reduction in initial
fructose. Yousef et al. (2003a) indicated that cypermethrin had
damaging effects on spermatogenesis and increase dead and
abnormal sperm, and this disturbance was due to the decrease in
the levels of testosterone. The fructose formation by the accessory
glands is dependent upon the secretion of testosterone by the tes-
tes (Atterwill and Steele, 1987). Also, Hiro et al. (1963) stated that
the decreased fructose content in rabbits semen is considered to be
due to decreased androgen secretion by the testes. Accordingly, the
observed reduction in initial fructose suggests a corresponding de-
crease in testosterone secretion by pesticide treatment {Table 1).
Results showed that treatment with lambda-cyhalothrin caused
a significant (P <0.05) decrease in sperm motility {Table 2 and
Fig. 2). Motility is involved in defining the ability of the spermato-
zoa to ascend the reproductive tract to the site of fertilization, as
well as the act of fertilization itself, particularly regarding the pen-
etration of the vestments surrounding the oocyte, including the
cumulus oophorus and zona pellucida. In view of the significance
of sperm mootility, it is not surprising that this criterion of sperm
function has assumed a central role in the routine clinical diagnosis
of male fertility (Aitken, 1990). Thus, high quality semen should
contain a high percentage of vigorous and active sperms and
should have higher glycolytic or fructolytic rates than do weak
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immobile sperms. Fructose synthesis and secretion by the acces-
sory glands is dependent upon the secretion of testosterone by
the testes (Mann, 1964). Kim and Parthasarathy (1998) reported
that generation of ROS and peroxidation of sperm membranes
could bring negative effects on motility, midpiece abnormalities
and sperm-oocyte fusion. Also, our results showed increased
TBARS (Table 3) and decreased sperm motility (Table 2). Thus,
the observed decrease in sperm motility could be attributed in part
to the concomitant reduction in serum testosterone concentration
(Table 1) and semen fructose (Fig. 3) following the lambda-cyhal-
othrin treatment. Yousef et al. (1996) suggested that pesticide’s
disruption of reproductive processes might be in part due to ad-
verse effects on sperm cell function. In general the effect of lamb-
da-cyhalothrin on sperm quality may be due to the decrease in
plasma testosterone concentration and/or indirectly by reducing
feed intake (Table 1).

Rats treated with lambda-cyhalothrin had markedly impaired
libido as measured by suppression of pre-coital sexual behaviour
(qualitatively), index of libido, and numbers of rats mounting,
intromitting or ejaculating (Ratnasooriya et al., 2002). The rapid
onset and equally rapid reversibility of these effects suggest that
the anti-libido action of lambda-cyhalothrin was not owing to
changes in the blood testosterone or prolactin levels. Both testos-
terone deficiency and hyperprolactaemia inhibit libido (Bartke
et al.,, 1997). Lambda-cyhalothrin can release GABA and dopamine
(Clark, 1997). GABA agonists, dopamine or dopamine agonists
inhibits sexual behaviour in rats more or less in a similar fashion
(Agmo et al., 1997). Thus lambda-cyhalothrin may induce anti-libi-
do effects probably via brain GABAergic and/or dopaminergic sys-
tems (Agmo et al., 1997). In addition, lambda-cyhalothrin through
its neurotoxicity could directly inhibit the sexual center in the
hypothalamus and thereby suppress libido (Clark, 1997). Alterna-
tively, lambda-cyhalothrin may induce anti-libido effects through
cholinergic mechanisms, as pronounced cholinergic side effects
were evident in the study and cholinergic agonist suppress libido
(Retana-Marquez et al., 1993). Lambda-cyhalothrin treatment in-
duced detrimental changes on health and behaviour, which are
usually considered as manifestation of general toxicity. Thus, a
strong possibility exists that lambda-cyhalothrin induced reduc-
tion of libido is secondary to its general toxicity.

The high generation of reactive oxygen species (ROS) as evi-
denced from significantly increased thiobarbituric acid-reactive
substances {TBARS) levels and decreased antioxidant enzyme glu-
tathione S-transferase (GST) in seminal plasma {Table 3) of lamb-
da-cyhalothrin-treated rabbits is in agreement with our previous
reports (Yousef et al., 2003a); hence, lambda-cyhalothrin-induced
deterioration in semen quality is likely due to ROS-mediated mem-
brane damage through impairment of membrane fluidity and per-
meability of the polyunsaturated membranes. Testicular
mitochondria, microsomes, peroxisome and cytosol may generate
ROS during normal metabolism that may be enhanced or acceler-
ated in cells exposed to xenobiotics, pesticides and radiation;
therefore, testicular cells are equipped with antioxidant systems.
In comparison to other organs the testes contains very high levels
of glutathione (GSH), which is believed to play an important role in
the proliferation and differentiation of spermatogenic cells while
simultaneously protecting these cells from ROS damage (Teaf
et al,, 1985). The decrease in GST activity corroborated the findings
of Yousef et al. (2004, 2005, 2006, 2007) of decreased activities of
testicular antioxidant enzymes in rabbits. Thus, the observed in-
crease in free radicals could be attributed in part to the concomi-
tant reduction of GST activity following lambda-cyhalothrin
treatment. The transaminases (AST and ALT) and acid phosphatase
(AcP) in semen play an important role in transamination and phos-
phorylation processes in sperm metabolism (Dhami et al,, 1994).
The present results revealed a significant (P <0.05) decrease in

the activities of seminal plasma AST, ALT and AcP of rabbits treated
with lambda-cyhalothrin (Table 3). The decrease in the activities of
these enzymes may be due to the decrease in the secretory activity
of male accessory sex glands. Dhami et al. (1994) reported that the
activities of AST, ALT, AcP, AlP and LDH were lower in static than in
motile ejaculates of bulls. Also, our results revealed that the de-
crease in the activities of seminal plasma enzymes (Table 3) was
coincided with the decrease of semen quality of treated rabbits
with lambda-cyhalothrin (Table 3).

4.2. Vitamin E treatment

Treatment with vitamin E alone caused a significant {P < 0.05)
increase in body weight and relative testes and epididymis weights
(Table 1). Shetaewi (1998) found that supplementation of vitamin
E to California and New Zealand White rabbits increased body
weight gain and improved feed efficiency compared to the control
group. Our previous studies showed that vitamin E supplementa-
tion stimulated weight gain in rabbits (Yousef et al., 2003b) which
is in agreement with the present results. The beneficial effects of
vitamin E noted in the present study can be attributed to the anti-
oxidant effects of this vitamin; it is scavenger of oxygen-free radi-
cals which are toxic byproducts of many metabolic processes
(Meydani, 1995; Yousef et al., 2003b, 2006, 2007).

Vitamin E protects critical cellular structures against damage
caused by oxygen-free radicals and reactive products of lipid per-
oxidation. It has been reported that lipid peroxidation was pre-
vented by vitamin E (Meydani, 1995; Yousef et al., 2006).
Vitamin E inhibits peroxidation of membrane lipids by scavenging
lipid peroxyl radicals, as a consequence of which it is converted
into a-tocopheroxyl radical. This radical is thought to be either
recycled to a-tocopherol by interacting with soluble antioxidants,
such as ascorbic acid, or irreversibly oxidized to «-tocopherylqui-
none. In fact, a-tocopherylquinone may act as a potent anticoagu-
lant, and as an antioxidant through its reduction to hydroquinone
(Arita et al,, 1998). Also, Boldyrev et al. (1995) reported that the
protective role of vitamin E against the toxicity of oxidants may
be due to the quenching of hydroxyl radicals.

Treatment with vitamin E alone caused a significant {P < 0.05)
increase in semen quality, and minimized the toxic effects of lamb-
da-cyhalothrin {Table 2 and Figs. 1-4). Yousef et al. (2003b, 2006,
2007) reported that the formation of TBARS was significantly
(P <0.05) decreased by treatment with vitamin E alone. Similarly,
Hsu et al. (1998) reported that vitamin E supplementation reduced
ROS generation and protected spermatozoa from loss of motility.
Geva et al. (1996) found that oral treatment with 200 mg vitamin
E daily decreased ROS significantly and increased fertilization rate
of fertile normospermic human male after one month of treatment.
Also, Yousef et al. {2003b) reported that treatment with vitamin E
decreased the formation of TBARS and improved semen quality of
rabbits. In addition, in vitro study using rabbit sperm by Yousef
et al. (2007) showed that vitamin E decreased TBARS and increased
antioxidant enzymes {superoxide dismutase and catalase). They
also reported that supplementation with vitamin E was more effec-
tive in improving sperm characteristics and in reducing the pro-
duction of reactive oxygen species than Vitamin C. Brzezinska-
Slebodzinska et al. (1995) reported that in vivo experiments, seven
weeks of oral vitamin E (1000 IU/d/animal) administration in boar
caused a significant fall in the level of seminal plasma TBARS from
2.2 to 1.2 nmol/ml and significantly increased the number of sper-
matozoa. Therefore, the improving effect of vitamin E on semen
characteristics may be due to the reduction in lipid peroxidation
potential, The ameliorating effect of vitamin E (Table 2) against
the toxicity of lambda-cyhalothrin on semen quality may be due
to their role as antioxidant through quenching 10, or free radical
and reacting with peroxyl radicals (El-Missiry and Shalaby, 2000).
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5. Conclusion

From the present results, it can be concluded that concurrent
administration of vitamin E to lambda-cyhalothrin-treated animals
ameliorated the induced sperm quality damage, significantly im-
proved the sperm parameters and reduced the induction of semi-
nal plasma free radicals. This is consistent with a vital role of
vitamin E in antioxidant systems that protect against lambda-
cyhalothrin damage, possibly by preventing oxidative damage to
sperm. The present study suggest therapeutic effects of vitamin E
to minimize the reproductive toxicity of lambda-cyhalothrin
exposure,
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